ABSTRACT We documented patterns of species extirpation, shifts in species dominance, and rates of recolonization of litter-layer arthropod species following a catastrophic forest Þre. The study site was located along the Rio Grande within the Bosque del Apache National Wildlife Refuge, Socorro County, NM, in a riparian forest dominated by cottonwood [Populus deltoides ssp. wislizenii (S. Watson) Eckenwalder] and salt cedar (Tamarix chinensis Loureiro). The forest-ßoor arthropod community was sampled with 18 pitfall traps during 1994 Ð1997. The study site burned in June 1996, and the intense Þre reduced the litter layer to mineral ash and killed all the above-ground portions of trees; salt cedar and some cottonwood trees began to stump-sprout shortly after the Þre, and achieved heights of two m by October 1996. The preÞre forest-ßoor arthropod community consisted of 80 species, dominated by spiders (Lycosidae, Gnaphosidae, Salticidae), beetles (Carabidae, Staphylinidae, Cryptophagidae, Tenebrionidae), isopods (Armadillidae, Porcellionidae) and crickets (Gryllidae). The surviving postÞre arthropod community was dominated by generalist ants (Formicidae). The dominant cricket, Gryllus alogus Rehn (Orthoptera: Gryllidae), exhibited a rapid recovery in abundance following the Þre, and the number of certain species that preferred open, bare-ground habitat [e.g., the tiger beetle Cicindela punctulata Olivier (Coleoptera: Carabidae)] increased on the burned site. During the 9 mo following the Þre, 79 arthropod species were recorded from the Þre site, 29 (37%) of which had not been recorded before the Þre. Of the original preÞre 80 arthropod species, 30 species (37%) were not recorded after the Þre, and overall arthropod abundance was substantially reduced. The extirpated species were generally uncommon before the Þre, while the more abundant species displayed more successful recolonization. These results suggest that wildÞre in the Rio Grande riparian forest of New Mexico can have a substantial, short-term impact on abundance and species composition of the forest-ßoor arthropod community, and that both survivor activity and recolonization processes by dominant species can be rapid. Given the capacity for rapid recolonization by these arthropod species, the long-term recovery of the forest-ßoor arthropod assemblage will likely be driven by the postÞre recovery rate of the plant community and eventual structure and composition of the forest ßoor litter layer.
FOREST FIRES IN riparian cottonwood forests of the American Southwest have been increasing in number and severity, due to increased litter-layer fuel accumulations from reduced ßooding events, and more frequent natural and anthropogenic ignition events (Ohmart and Anderson 1982 , Molles et al. 1995 . As a result of the enhanced fuel loads, the quality of Þre has changed from relatively cool, slowmoving ground Þres, to extremely hot, rapidly moving stand-replacement Þres, which often leave only dead standing trees and a surface layer of mineral ash (Steuver 1997 . Although several studies have addressed aspects of Þre in this region (Busch 1995; Busch and Smith 1993; Ellis 2001; Ellis et al. 1998 Ellis et al. , 1999 Howe and Knopf 1991; Molles et al. 1995 Molles et al. , 1998 Steuver 1997) , none has addressed the effects of Þre on the arthropod community.
The surface-active arthropod community of the riparian cottonwood forest in New Mexico is a diverse and dynamic assemblage; Ellis et al. (2000) listed 138 taxa from four sites along the middle Rio Grande. These arthropods function in pollination, soil aeration, decomposition and nutrient cycling, and provide important food resources for a variety of terrestrial vertebrates. Despite the importance of the arthropod community in sustaining ecosystem processes in these riparian forests, no information is currently available concerning the impact of forest Þres on the litter-layer arthropod assemblage.
This short-term study examined the initial response of the forest-ßoor arthropod community to a cata-strophic Þre in a cottonwood [Populus deltoides spp. wislizenii (S. Watson) Eckenwalder)] and salt cedar (Tamarix chinensis Loureiro) dominated riparian forest on the Rio Grande in central New Mexico. Our study took advantage of a long-term study of surfaceactive arthropods being conducted by researchers with the Sevilleta Long Term Ecological Research Program (LTER); the study area unexpectedly burned in June 1996, and thereby provided the opportunity to assess changes in a well-characterized forest-ßoor arthropod community. The goal of our study was to describe the Þre-induced changes in arthropod species composition, abundances, survival patterns, and species-speciÞc rates of recolonization within this forest-ßoor arthropod assemblage.
Materials and Methods
Study Area. The study was conducted in the riparian forest along the Rio Grande at the Bosque del Apache National Wildlife Refuge, Socorro County, NM (33Њ 52Ј 9Љ N, 106Њ 50Ј 37Љ W; elevation 1,384 m). The study site ( Fig. 1) was located on the east side of the Rio Grande, in mature riparian forest dominated by Rio Grande cottonwood. Understory tree species included two non-native species, saltcedar and Russian olive (Elaeagnus angustifolia L.); shrubs and herbs were extremely rare. Annual precipitation on the site averages 223 mm/yr, with 50% of the siteÕs rainfall coming in the monsoon season of JulyÐSeptember. Mean monthly temperatures range from 2.2ЊC in December to 25.4ЊC in July. Soils were classiÞed as Typic Ustißuvents, with a highly permeable sandy A horizon (to Ϸ5 cm depth), underlain by a C horizon of clay and clay loams (USDA 1989) . The surface litter layer, dominated by cottonwood leaves and twigs, varied 1Ð10 cm in depth, and covered nearly all of the soil surface; litter mass (leaf, twig and log) at nearby cottonwood forest sites averaged 1 kg/m 2 . This region of the Rio Grande ßooded three times between 1990 and 1996 when logs and litter blocked a nearby irrigation canal; standing water ac- The Þre reduced the litter layer to mineral soil; dead leaves from the cottonwood trees started falling shortly after the Þre. Note the active ant mound in the right foreground. Bottom right: View of the study site in October 1996, 4 mo after the Þre. Salt cedar stump sprouts have attained a height of Ն2 m, and the litter layer has begun to redevelop. cumulated on the site for several days during the ßoods, but the lack of strong currents prevented scouring or litter layer removal.
During 6 Ð12 June 1996, the study site, along with several kilometers of Rio Grande riparian forest, was burned in a severe forest Þre (known locally as the "San Pedro Þre"). The Þre consumed all forest ßoor litter, and killed all above-ground portions of standing trees (Fig. 1) . Logs and stumps were reduced to ashes, leaving holes in the ground where stumps had burned down below the soil surface. Standing trees suffered singed bark and heat-killed cambium near ground level, although considerable numbers of dead leaves remained unburned on the upper branches; these leaves began falling within days after the Þre. Within several weeks, the cottonwood trees and salt cedars began to stump sprout, and had attained heights of Ն2 m by late October (Fig. 1) .
Arthropod Sampling. In 1990, the site was selected as one of the study areas for the Sevilleta LTER Program. As part of the LTER studies, pitfall traps were established in the riparian forest to sample the forest ßoor arthropod community. Each trap consisted of a metal can (8 cm diameter, 12 cm height) sunk into the ground with the top ßush with the soil surface, and containing a 350 ml (12 oz) plastic cup 50% full of propylene glycol solution. A ceramic tile (15 by 15 cm) elevated 3 cm on nails covered each trap, preventing rain and debris from entering the trap. Traps were spaced 10 m apart. Traps were left open continuously, with samples being collected every 2 mo year-round. The pitfall traps (n ϭ 18) used in this study were operated from November 1994 through February 1997. Samples were preserved in ethanol and later sorted, counted, and identiÞed to species whenever possible. Voucher specimens were deposited in the University of New MexicoÕs Arthropod Division, Museum of Southwestern Biology; selected specimens were archived in the National Museum of Natural History, Washington, DC.
The preÞre sampling period began on 24 November 1994, and continued throughout 1995 and up to the Þre event in June 1996. Immediately following the Þre (12 June), we collected the existing pitfall trap samples (intact, though buried in ash) and reset the 18 pitfall traps. PostÞre samples were then collected on 20 June, 8 and 24 July, 21 August, 16 October, 21 November 1996, and 4 February 1997. The site was then bulldozed and replanted by U.S. Fish and Wildlife Service personnel as part of a restoration effort in the spring of 1997.
Data Analysis. Pitfall trap samples were sorted and the arthropods identiÞed to species whenever possible. IdentiÞcations were made using reference specimens in the Museum of Southwestern Biology, Division of Arthropods. Some identiÞcations were determined or veriÞed by specialists at the National Museum of Natural History. Nomenclature followed Poole and Gentili (1996) . Species richness and abundance of individuals were tabulated for each trap and sampling date; abundance data were reported as mean numbers of individuals per trap per sampling day, to standardize for differences in lengths of sampling periods.
Results
During the course of the study, we identiÞed 27,682 individuals belonging to 109 species (Table 1) . The preÞre litter layer arthropod community was composed of 80 species, dominated by predators, herbivores, and detritivores; other less common trophic groups included generalist omnivores, fungivores, and two species with unknown diets (Table 1; Fig. 2 ). In this preÞre assemblage, detritivores accounted for Ͼ80% of all individuals collected, with predators and omnivores (mostly ants) accounting for Ͻ10% each (Fig. 2) . The isopod species, Armadillidium vulgarae Latreille, and the ground cricket, Gryllus alogus Rehn, composed 69% of the individuals counted during the preÞre period. Species richness varied among sampling dates from 11 species (February 1996) to 34 species (August 1995) (Fig. 3 ). Seasonal patterns of abundance were observed in many species, with peak activities usually occurring during the summer months.
The postÞre sampling period produced a total of 79 species, of which 29 (37%) had not been recorded before the Þre. Of the original preÞre 80 arthropod species, 30 species (37%) were not recorded after the Þre, and overall arthropod abundance was substantially reduced. The missing species were generally uncommon before the Þre, being represented by only a single or a few individuals. The postÞre assemblageÕs trophic structure was surprisingly similar to that of the preÞre assemblage, being composed primarily of predators, detritivores, and herbivores; as before, generalist omnivores and fungivores were less common. However, with respect to numbers of individuals, the omnivorous species (mostly ants) dominated the samples, followed by detritivores, predators, and herbivores (Table 1 ; Fig. 2 ). Species richness varied among postÞre sampling dates from 12 species (November 1996) to 31 species (8 July 1996) (Fig. 3) . Arthropod abundance in these samples was somewhat reduced in comparison with the preÞre samples, but the seasonal pattern of species richness remained consistent throughout the study (Fig. 3) . The most abundant species collected in the postÞre period were the cricket, G. alogus, and the ant, Lasius pallitarsis (Provancher).
The Þrst postÞre sample, taken 8 d after the Þre, contained individuals of 29 species, including Þve species not seen before the Þre. The generalist ant, L. pallitarsis, and the predaceous ant, Formica nitidiventris Emery, were seen in extreme abundance, both displaying a Þve-fold increase over that seen in any single preÞre sample (Fig. 4) . As both species were soil-dwellers and readily survived the Þre event, their activity was observed to be high after the Þre as nest openings were rebuilt and foraging activity resumed; however, their apparent increased postÞre abundance was likely a sampling artifact of the pitfall traps (see discussion below). The two isopod species, Armadil- lidium vulgarae and Porcellio laevis Latreille (Fig. 5) , were plentiful both before and following the Þre, although their 1996 populations were considerably lower than those seen in the previous yearÕs samples. The soil-dwelling detritivorous rove beetle, Platydracus sepulchralis (Erichson) also was common in traps immediately following the Þre (Fig. 6 ).
In the days following the Þre, leaves that remained at the tops of killed trees fell and collected in holes left by tree trunks and stumps that had burned below ground level. This created an ideal microhabitat for other detritivores, including G. alogus (Fig. 7) , the dominant cricket species. This population began to recover within 3 wk after the Þre, and by week 6, Fig. 2 . Trophic structure of the forest-ßoor arthropod assemblages before and following the forest Þre at Bosque del Apache National Wildlife Refuge, NM. Top: species richness. Bottom: abundances of individuals. Proportions based on pooled samples for all pre-and postÞre sample periods. PRED ϭ predators, HERB ϭ herbivores, DETR ϭ detritivores, OMNI ϭ omnivores, FUNG ϭ fungivores, and UNK ϭ species with unknown diets. See Table 1 for species trophic group designations.
presence of G. alogus in the pitfall traps was more than double that seen in the previous year. An extraordinary abundance of nymphs was noted in the July 1996 samples.
Other species underwent dramatic changes in population size subsequent to the Þre. Two species of beetles common before the Þre, Calathus opaculus L., a predatory carabid beetle, and Blapstinus fortis L., an abundant fungus-feeding tenebrionid beetle, were rare in traps for the remainder of the study (Fig. 6 ).
The wolf spider Varacosa gosiuta (Chamberlin) (Fig.  8) , an abundant predator in the preÞre assemblage, was extirpated from the area and did not appear again until 6 wk after the Þre. The predatory tiger beetle Cicindela punctulata Olivier had been collected only once before the Þre (Fig. 6 ). This highly visual predator is a strong ßier and prefers open sandy habitats. It colonized the burned site in large numbers within12 wk after the Þre, though its numbers dwindled in the autumn. 
Ϫ1
The last sample from the study site was collected in February 1997, 32 wk after the Þre. It contained 141 individuals from 20 species; 15 of these species were seen in the preÞre samples, and 11 of these species also were collected in the Þrst postÞre sample. Species richness was greater than that observed in the two preÞre late-winter samples, although overall arthropod abundance had decreased (Fig. 3) .
Discussion
The San Pedro Þre clearly had a substantial impact on the forest-ßoor arthropod community on our study site. The Þre site lost 30 species (37% of its original species complement) but gained 29 new species within 9 mo of the Þre, for a net loss of only one species. The extirpated species were generally rare before the Þre, while the more abundant species either survived the Þre in situ (i.e., underground) or rapidly recolonized. Based on species composition, the trophic structure remained remarkably consistent. However, with respect to numbers of individuals collected, large increases in abundances of generalist ant species proportionally reduced the dominance of detritivores. These results suggest that wildÞre in the Rio Grande riparian forest of New Mexico can have a substantial impact on abundance and species composition of the forest-ßoor arthropod community, and demonstrates that both survivor activity and recolonization processes by dominant species begins immediately after the Þre. Given the capacity for rapid recolonization of these arthropod species, and the speed with which litter layers began to redevelop following the Þre, it would seem likely that the longterm recovery of the forest-ßoor arthropod assemblage will be more inßuenced by the postÞre recovery rate of the plant community and eventual structure and composition of the forest ßoor litter layer, rather than the ability of the original arthropod species to recolonize the site.
We caution, however, that we are limited in assessing the exact magnitude of the effect, as our entire study plot was burned without leaving any "control" unburned areas. As such, our observations are confounded to an unknown extent with differences between years of observation (1995 versus 1996) . For example, we observed an initial decrease in total arthropod abundance of Ͼ35% from the preÞre summer/fall collections in 1995 to postÞre summer/fall collections in 1996. While some of this population decline can logically be attributed to the Þre, it is also important to compare the size of preÞre samples. The sample collected on 12 June 1996 contained 68% fewer individuals than the 15 June 1995 sample, and the sample collected in April 1996 had 65% fewer individuals than the April 1995 collection. The years preceding our study period had been exceptionally wet, but in 1995Ð1996, a below-average monsoon season in the summer of 1995, followed by a dry "La Niñ a" winter-spring period (the dry phase of the El Niñ oSouthern Oscillation phenomenon), resulted in drought conditions that may have affected both the abundance of litter-layer arthropods as well as increasing the vulnerability of the forest to Þre. As a result, we have conÞned our data interpretation to the more evident responses of the arthropod assemblage.
The species that maintained a presence throughout the study were generally soil-dwellers. The ants, isopods, and crickets are well known to be the dominant species in this Rio Grande riparian forest litter layer (Ellis et al. 2000) . While comparisons between the pre-and postÞre abundance measures may display temporal sampling bias, it is clear from the samples that these taxa continue to constitute the majority of the biomass of the litter layer arthropod fauna. Two other generalist soil-dwelling ants, Monomorium minimum (Buckley) and Pogonomyrmex occidentalis (Cresson), also exhibited increased numbers in the postÞre samples. The abundance of G. alogus after the Þre seems to be due to two factors: protection under the soil surface and emergence of juveniles shortly after the Þre. The use of pitfall traps in this study accounts for some of the large increases in certain species (e.g., ants). Pitfall traps are passive collectors, and the numbers of individuals captured of any particular species is a function of their movement patterns across the soil surface (Adis 1979 , Niemela et al. 1986 ). The complexity of the preÞre litter layer undoubtedly restricted the movements of many arthropod species, reducing their probability of capture in our pitfall traps. After the Þre burned off the litter, leaving only bare ground and ashes, movements by insects such as ants were much less restricted. In addition, the presence of the trapÕs shade cover, plus the propylene glycol solution in the trap, may have provided an attractive inducement for foraging insects. Hence, we interpret the observed increases in these species as at least a partial sampling artifact, rather than a welldeÞned increase in the numbers of ants. The important result, however, is that the soil-dwelling ants, isopods, crickets and beetles survived the Þre, and constituted the most abundant taxa remaining in the postÞre environment.
To varying degrees, species-speciÞc vagility also was an important factor in the recolonization of the area by arthropods whose presence in the pitfall traps dwindled following the Þre. Whereas the ßightless wolf spider, Varacosa gosiuta, was very slow to recolonize, while the winged tiger beetle, Cicindela punctulata, displayed rapid colonization following the Þre. The simple architecture of the postÞre forest ßoor was ideal for both predatory species, known for hunting on ßat ground, but only C. punctuata appeared in substantial numbers. Other highly mobile species exhibiting rapid recolonization included the gnaphosid spiders Drassyllus prosaphes Chamberlin and Callilepis chisos Platnick, and the staphylinid beetle Ocypus ater (Gravehorst).
The encouraging result of our study was that, despite the catastrophic nature of Þres in the riparian forests along the Rio Grande, the dominant components of the arthropod community appeared to be relatively resilient. This would suggest that arthropods would resume their roles in ecosystem processes in a short time following such Þres, a prediction supported by our observations of similar trophic structures before and after the Þre. However, the composition of the postÞre ßora was less predictable. Following this severe Þre, we observed that the cottonwoods began to stump-sprout, but the salt cedar seemed to recover more rapidly (Fig. 1) . In contrast, Ellis (2001) found that the recovery of cottonwood trees in a nearby area of Rio Grande riparian forest was stronger than that of salt cedar following complete-char Þre, with Ͼ90% of individuals having vegetative growth two months after the Þre, and Ϸ70% with vegetative growth two years after the Þre. Before EllisÕs (2001) study, cottonwood trees were not considered to be well adapted to Þre and slow to recover when burned (Steuver 1997 . Busch (1995) documented a rapid increase in salt cedar abundance following Þre along the Colorado River. An earlier study of Þre in riparian habitats revealed that areas dense in salt cedars are more likely to burn than areas dense in cottonwood, and that Þres along the Rio Grande of Colorado were rare in the absence of salt cedar (Busch and Smith 1993) .
While Ellis et al. (2000) found that the litter-layer arthropod community between unburned salt cedar and cottonwood dominated areas did not differ substantially, the potential for increased frequency of Þre in either cottonwood-or salt cedar-dominated stands of riparian forest may have unforeseen long-term im- pacts on the arthropods and the overall productivity of this ecosystem. Because the area used in this study was bulldozed and replanted with cottonwood in an effort to preserve the native ßora and fauna, a long-term study of postÞre recovery was not possible. We believe that such long-term studies in other Þre sites along the Rio Grande would be useful in fully understanding the ampliÞed role of Þre in these Southwestern riparian forests.
